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[ DOCUMENT ] S PE C I F I CAT I ON 

[TITLE OF THE INVENTION] 

BATTERY ELECTRODE PLATE, METHOD FOR MANUFACTURING THE SAME, 
AND NONAQUEOUS -ELECTROLYTE RECHARGEABLE BATTERY USING THE SAME 
[SCOPE OF CLAIMS] 

[CLAIM 1] A method for manufacturing a battery electrode 
plate, comprising the steps of: 

mixing a solvent with a polyolefin resin for being used 
as an insulation layer of a positive electrode plate or 
negative electrode plate; 

preparing a gel-like solution that is a gelled solution 
as a whole having a high viscosity by heating the mixture of 
the polyolefin resin and the solvent at a temperature at which 
a part or the whole of the polyolefin resin melts; 

forming the insulation layer by coating the gel-like 
solution on a surface of the positive electrode plate or 
negative electrode plate; and 

drying the insulation layer by heating the positive 
electrode plate or negative electrode plate formed with the 
insulation layer. 

[CLAIM 2] The method for manufacturing a battery 
electrode plate according to claim 1, wherein the gel-like 
solution is rapidly cooled, and after that it is coated on the 
positive electrode plate or negative electrode plate so that 
the electrode plate and the insulation layer are unitized. 
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[CLAIM 3] The method for manufacturing a battery 
electrode plate according to claim 1 or 2, wherein a heating 
temperature in the drying step is set at a temperature equal 
to or above a boiling point of the solvent in the gel-like 
solution, and at the same time, equal to or below a melting 
point of the polyolefin resin. 

[CLAIM 4] The method for manufacturing a battery 
electrode plate according to any one of claims 1 to 3, wherein 
polyethylene is used as the insulation layer, the polyethylene 
is mixed with the solvent, and the mixture is heated up to a 
temperature at which the polyethylene is thoroughly uniformly 
dissolved so as to prepare the gel-like solution. 

[CLAIM 5] The method for manufacturing a battery 
electrode plate according to claim 4, wherein the polyethylene 
used as the insulation layer is fibrous. 

[CLAIM 6] A battery electrode plate prepared by the 
manufacturing method according to any one of claims 1 to 5. 

[CLAIM 7] A nonaqueous-electrolyte rechargeable battery 
provided with the battery electrode plate according to claim 6 . 
[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[TECHNICAL FIELD OF THE INVENTION] 

The present invention primarily relates to a method for 
manufacturing positive and negative electrodes of a 
nonaqueous -electrolyte rechargeable battery . 
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[0002] 

[DESCRIPTION OF PRIOR ARTS] 

In recent years, there has been an increasing trend of 
electronic eguipment, such as an audio-visual appliance or a 
personal computer, towards portable and cordless design, and 
demand for small and lightweight rechargeable batteries having 
high energy density has been growing. Among others, 
nonaqueous-electrolyte rechargeable batteries typified by 
lithium rechargeable batteries using lithium as an active 
material are particularly hoped for as batteries having a high 
voltage and a high energy density. A positive electrode plate, 
a negative electrode plate, and a separator of such 
nonaqueous-electrolyte rechargeable batteries are respectively 
formed independently, and a separator that generally occupies 
a largest area, a negative electrode plate, and a positive 
electrode plate, in that order, must be smaller in area. 
Consequently, there is an area that is occupied only by a 
separator. As a result, a portion of a separator that is not 
involved in a battery capacity largely occupies a space in the 
battery, reducing discharge capacity per unit volume of 
battery. Additionally, a separator is made of polyethylene or 
polypropylene . 
[0003] 

Further, because a separator, a positive electrode plate, 
and a negative electrode plate respectively independently 



JAPANESE PATENT APPLICATION NO . : 2 000- 1 98 1 70 (30/06/2000) 

Page : 4 

exist, a clearance is produced between the separator, and the 
positive electrode plate or the negative electrode plate. 
Gases produced by reactions between electrode plate surfaces 
and the electrolyte, etc. during charging and discharging 
accumulate in the clearance, deteriorating battery 
characteristics . 
[0004] 

Using heat-fusing and coating an insulation layer on an 
electrode plate as the present invention describes are know as 
methods for unitizing an electrode plate and a separator. As 
an example of using heat-fusing, manufacturing steps of 
polymer batteries will be explained (U.S. Patent No. 5460904). 
With these steps, a separator and an electrode plate are 
independently prepared and are unitized together by heat- 
fusing. Further, to make the separator a porous membrane, the 
steps include a step in which the separator is made to contain 
a plasticizer when forming a separator membrane, and the 
plasticizer is extracted after the heat-fusing. Accordingly, 
the steps are very complex, inviting disadvantages such as 
lowering in productivity and rise in costs. 

[0005] 

On the other hand, examples of coating an insulation 
layer on an electrode plate are disclosed in Japanese Patent 
Laid-Open Publication Nos. 10-50348, 11-288741, and others. 
With a method disclosed in Japanese Patent Laid-Open 
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Publication No. 10-50348, a polyethylene wax is heated and 
melted, and is coated on an electrode plate, and after that 
the coated layer is perforated with means such as a thermal 
head. It means that, with this method, the coated resin layer 
becomes a homogenized membrane in any case, and the layer must 
be perforated by some means or other to make it a porous 
membrane so that the layer functions as a separator. Further, 
in Japanese Patent Laid-Open Publication No. 11-288741, a 
typical polymer film forming method is disclosed, in which a 
polymer material is melted in a solvent, and the solution is 
coated on an electrode plate. However, because a solvent 
having an excellent dissolving ability for a polyolefin resin 
such as polyethylene is not available, preparing an insulation 
layer membrane with such a common method is extremely 
difficult. Therefore, in this Patent Publication as well, 
polyolefin resins are not referred to as a polymer material. 
[0006] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
The present invention has been made in light of the 
conventional problems described above, and an object of the 
invention is to provide a method for manufacturing a battery 
electrode plate in which the electrode plate uses as a 
separator a polyolefin resin such as polyethylene, which is a 
material relatively low in costs and is stable for use in a 
battery, a positive electrode plate or a negative electrode 
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plate is unitized with an insulation layer through the coating 
of the polyolefin resin on the positive electrode plate or the 
negative electrode plate* Thus the volume of a separator in 
the space within a battery is minimized, and interfacial 
bonding between the positive electrode plate or the negative 
electrode plate and the insulation layer is improved, thereby 
enhancing battery characteristics. 
[0007] 

[MEANS FOR SOLVING THE PROBLEMS] 

In order to achieve the object described above, a method 
for manufacturing a battery electrode plate according to the 
present invention includes the steps of: mixing a solvent with 
a polyolefin resin used as an insulation layer of a positive 
electrode plate or negative electrode plate; preparing a gel- 
like solution, or a gelled solution as a whole having a high 
viscosity, by heating the mixture of the polyolefin resin and 
the solvent at a temperature at which a part or the whole of 
the polyolefin melts; forming an insulation layer by coating 
the gel-like solution on a surface of the positive electrode 
plate or negative electrode plate; and drying it by heating 
the positive electrode plate or negative electrode plate 
formed with the insulation layer. 

[0008] 

In this method for manufacturing a battery electrode 
plate, the insulation layer that corresponds to a separator 
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and the positive electrode plate or negative electrode plate 
are made equal in area, as comparing to the conventional 
battery in which a separator occupies the largest area. 
Thereby, a portion conventionally occupied only by a separator 
is utilized, so that discharge capacity per unit volume of 
battery is improved. 
[0009] 

At the same time, since the insulation layer and the 
positive electrode plate or the negative electrode plate are 
unitized together, better interfacial bonding is provided in 
comparison with a conventional separator, so that battery 
characteristics is improved. 
[0010] 

In the aforementioned invention, it is desirable to coat 
the positive electrode plate or negative electrode plate with 
the gel-like solution which is prepared by heating at 
predetermined temperature and then cooled down to equal or 
lower than room temperature, for example, from 30°C to -173°C 
(the temperature difference should preferably be equal or more 
than 100°C) . According to the aforementioned process, the 
gelled state of polyolefin resin is made uniform and the gel- 
like solution with equal quality is obtained, while the gel- 
like solution would have uneven quality depending on a 
temperature history such as cooling time or temperature 
difference during the cooling process when the gel-like 
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solution is gradually cooled. Consequently, productivity is 
increased when the method is put to practical use, and 
temperature setting in a drying process is facilitated. 
[0011] 

Also, it is preferable to set the temperature of the 
drying process equal or higher than a boiling point of a 
solvent in the gel-like solution, and at the same time, equal 
or lower than a melting point of the polyolefin resin. With 
this temperature setting, a part of polyolefin rein melts out 
and precipitates on and near the surface of the polyolefin 
resin. Then the precipitated resins bond together to become 
porous insulation layers for positive and negative electrode 
plate. Additionally, a configuration of a heat treatment 
system will become simple. 
[0012] 

Further, in this invention, it is acknowledged that the 
most preferable type of electrode plate is prepared when 
polyethylene is used as an insulation layer and the gel-like 
solution is prepared by heating a solvent including the 
polyethylene at the temperature enough to evenly melt the 
polyethylene, i.e., 30°C to 140°C. 

[0013] 

Additionally, when polyethylene used as an insulation 
layer is fibrous, bonding ability with positive electrode 
plate or negative electrode plate would be improved and more 



JAPANESE PATENT APPLICATION NO .: 2000-198170 (30/06/2000) 

Page : 9 

preferable result is obtained. 
[0014] 

A battery manufactured by the aforementioned 
manufacturing method will have larger electrode plate area as 
compared to the conventional model. Consequently, active 
material is contained in a space which is used to be occupied 
by a separator, and electric discharging capacity per volume 
of the battery is improved. 
[0015] 

[DESCRIPTION OF THE PREFERRED EMBODIMENTS] 

Preferred embodiments of the invention will be described 
hereinafter referring the drawings. 
[0016] 

Fig. 1 orderly and schematically illustrates each of 
manufacturing steps for realizing a manufacturing method for a 
battery electrode plate according to the invention. In the 
step in Fig. 1(a), fibrous polyethylene powder is put in a 
vessel 2 for heating as a polyolefin resin 1 necessary for 
preparing a gel-like solution 5 used as an insulation layer, 
and any one of toluene, decalin, tetrachloroethane, xylene, 
dichlorobenzene or N-methylpyrrolidone is put as a solvent 3 
in the vessel 2. At this time, in the vessel 2, the polyolefin 
resin 1 is not dissolved in the solvent 3, but it is only 
mixed with it. Polyethylene that is used as the polyolefin 
resin 1 is inactive in the solvent 3 because it has low water- 
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and oil-repellency, and has excellent chemical resistance. 
[0017] 

Next, as shown in Fig. 1(b), the vessel 2 in a glass- 
sealed state is received in a heating chamber 4, and is heated 
so that the polyolefin resin 1 and solvent 3 inside the vessel 
reach a predetermined temperature. Here the melting point of 
the polyolefin resin 1 is lowered because of the solvent 3, so 
that the predetermined temperature is set at a temperature 
which is equal to or below a melting point of the polyolefin 
resin 1, and at the same time, equal to a temperature at which 
a part or the whole of the polyolefin resin 1 melts. The 
predetermined temperature is most preferably 140°C when the 
polyolefin resin 1 is polyethylene. Thus a part or the whole 
of the polyethylene as the polyolefin resin 1 melts out in the 
solvent 3, gelled in a solution state as a whole having a high 
viscosity, and thus a gel-like solution 5 is prepared. 

[0018] 

Next, the gel-like solution 5 is, as shown in Fig. 1(c) 
for example, cooled so that the temperature rapidly lowers to 
a temperature of almost 0°C by rapid-cooling means such as the 
immersion of the vessel 2 in water 6 with ice. When the gel- 
like solution 5 is rapidly cooled as described above, the 
gelled state of polyethylene when cooled is made uniform, and 
the gel-like solution 5 is obtainable, with equal quality and 
with good reproducibility. Productivity is therefore increased 
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when the method is put to practical use, and temperature 
setting in a drying step that will be described below is 
facilitated. Contrary to this, when the gel-like solution 5 is 
gradually cooled, the gel-like solution 5 has uneven quality 
depending on a temperature history such as cooling time or 
temperature differences during the cooling step, 
[0019] 

The gel-like solution 5 is, as shown in Fig. 1(d), once 
brought to a room temperature, and then, as shown in Fig. 1(e), 
coated under pressure on the surfaces of both sides of the 
positive electrode plate or negative electrode plate 7 with a 
predetermined thickness to form insulation layers 8. 

[0020] 

Next, the positive electrode plate or negative electrode 
plate 7 formed with the insulation layers 8 is, as shown in 
Fig. 1(f), received in a drying chamber 9 for heating. At this 
time, the drying chamber 9 is set at a temperature that is 
equal to or higher than a boiling point of a solvent in the 
gel-like solution 5, and at the same time, equal to or lower 
than a melting point of the polyolefin resin 1. As the gel- 
like solution 5 is heated with the temperature described above, 
the solvent contained in the gel-like solution 5 evaporates 
and scatters, causing a part of polyolefin resin to melt out 
and precipitate on and near the surface of the polyolefin 
resin 1. The precipitated resins bond together to become 
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porous, so that the insulation layers 8 that are porous are 
formed. Finally, the electrode plate is stamped or cut in 
predetermined dimensions to make a desired battery electrode 
plate. 

[0021] 

In an electrode plate obtained through the steps 
described above, a positive electrode plate or a negative 
electrode plate is unitized with the insulation layers 8 that 
correspond to a separator. Consequently, a larger electrode 
plate area is made available, and discharge capacity per unit 
volume of battery is improved. 

[0022] 

Further, because interfacial bonding ability between an 
insulation layer and a positive electrode plate or negative 
electrode plate is improved, so that battery characteristics 
are improved. 

[0023] 

The embodiment described above is a case of an example 
where polyethylene is used as the polyolefin resin 1. However, 
the same effect can be obtained by the selection of an 
appropriate solvent that can be gelled when a polyolefinic 
material having crystalline structure other than polyethylene, 
such as polypropylene, polymethylpentene or polybutene, is 
used as the polyolefin resin 1. 

[0024] 
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Examples of manufacturing methods that the present 
inventors tested and the preferred results were achieved will 
be described below. 

[0025] 

(EXAMPLE 1) 

High density polyethylene powder as the polyolefin resin 
1 and dichlorobenzene as the solvent 3 were mixed, and the 
mixture was heated until the whole mixture reached a 
temperature of 115°C to prepare the gel-like solution 5 having 
a state where only the surface of the polyethylene was viscous. 
The high density polyethylene powder used has a density of 
0.94 g/cm 3 and a molecular weight of 125000. After rapidly 
cooling the gel-like solution 5 to 0°C, it was coated on a 
negative electrode plate with graphite as an active material. 
The electrode plate was dried and then cut to obtain a 
negative electrode plate for a lithium rechargeable battery. 
LiCo0 2 was used as an active material of the positive electrode 
plate . 

[0026] 

A battery prepared with the electrode plates described 
above had better discharge capacity per unit volume of battery 
than batteries using a common separator, and it also showed 
excellent high load characteristics. 

[0027] 

Each of the examples described below is achieved by the 
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change of a part of the example 1 described above. Only parts 
that were changed from the example 1 will be described below 
for descriptions of each example. 

[0028] 

(EXAMPLE 2) 

Tetralin was used as the solvent 3, and the mixture of 
this solvent 3 and polyethylene powder was heated until the 
whole mixture reached a temperature of 105°C. 

[0029] 

(EXAMPLE 3) 

Decalin was used as the solvent 3, and the mixture of 
this solvent 3 and polyethylene powder was heated until the 
whole mixture reached a temperature of 110°C. 

[0030] 

(EXAMPLE 4) 

Low density polyethylene powder was used as the 
polyolefin resin 1. The mixture of the low density 
polyethylene powder and the solvent 3 was heated until the 
whole mixture reached a temperature of 90°C. The low density 
polyethylene powder has a density of 0.92 g/cm 3 and a molecular 
weight of 115000. In this example, the gel-like solution 5 was 
able to be obtained at a temperature of 90°C, a relatively low 
temperature, when low density polyethylene was used; the 
method may therefore be advantageous when practically used in 
the industry. 
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[0031] 
(EXAMPLE 5) 

Polypropylene powder (melting point from 158 to 160°C) 
was used as the polyolefin resin 1, and the mixture of this 
polypropylene powder and the solvent 3 was heated until the 
whole mixture reached a temperature of 140°C. 

[0032] 

(EXAMPLE 6) 

Polymethylpentene powder was used as the polyolefin resin 
1, and the mixture of this polymethylpentene powder and the 
solvent 3 was heated until the whole mixture reached a 
temperature of 150°C. 

[0033] 

(EXAMPLE 7) 

Polybutene powder (melting point from 126 to 128°C) was 
used as the polyolefin resin 1, and the mixture of this 
polybutene powder and the solvent 3 was heated until the whole 
mixture reached a temperature of 120°C, 

[0034] 

(EXAMPLE 8) 

The gel-like solution 5 is coated on a positive electrode 
plate or negative electrode plate with LiCo02 as an active 
material . 

[0035] 

In nonaqueous-electrolyte rechargeable batteries using a 
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battery electrode plate obtained by each of the examples 
described above, it was also confirmed that desired charge- 
discharge cycle life was secured, excellent storage 
characteristics were obtained, and also discharge capacity was 
improved. Further, any battery obtained by each of the 
examples described above is prepared at costs lower than those 
of batteries using separators of polyethylene. 
[0036] 

[EFFECTS OF THE INVENTION] 

According to the aforementioned manufacturing method of 
the battery, discharge capacity per unit volume of the battery 
is enhanced since electrode plate area is made larger, and 
battery characteristics such as cycle characteristics is 
improved since a bonding between a positive electrode plate or 
negative electrode plate and a surface of an insulation layer 
that corresponds to a conventional separator is improved. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig.l schematically illustrates the manufacturing steps 
of a battery electrode plate according to a first embodiment 
of the invention. 

[DESCRIPTION OF THE REFERENCE NUMERALS ] 

1 Polyolefin Resin 

2 Vessel 

3 Solvent 

4 Heating Chamber 



JAPANESE PATENT APPLICATION NO .: 2000-1 98 17 0 (30/06/2000) 

Page: 17 

5 Gel-like Solution 

6 Ice Water 

7 Positive/Negative Electrode Plate 

8 Insulation Layers 

9 Drying Chamber 
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[DOCUMENT] ABSTRACT 
[ABSTRACT] 

[OBJECT] To provide a manufacturing method of a battery- 
electrode which is capable of designing an area of an 
electrode plate larger, by providing an area of an insulation 
layer interposed between a positive electrode plate and a 
negative electrode plate same as an area of the positive 
electrode plate or negative electrode plate. 

[SOLUTION] 

A manufacturing method comprises the steps of: mixing a 
solvent 3 with a polyolefin resin 1 for being used as an 
insulation layer 8 of a positive electrode plate or negative 
electrode plate 7; preparing a gel-like solution 5 that is a 
gelled solution as a whole having a high viscosity by heating 
the mixture of the polyolefin resin 1 and the solvent 3 at a 
temperature at which a part or the whole of the polyolefin 
resin 1 melts; forming the insulation layer 8 by coating the 
gel-like solution 5 on a surface of the positive electrode 
plate or negative electrode plate 7; and heating the positive 
electrode plate or negative electrode plate 7 formed with the 
insulation layer 8 . 
[DRAWING] Figure 1 
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[Fig. 1] 
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